(a) The TEM image of NiSe2/Ni(OH)2-2h. The Ni(OH)2 nanoflakes grow around the Ni(OH)2 octahedra; (b) the crystal structure of NiSe2 (100) and Ni(OH)2 (110). On the NiSe2 (100) plane, the distance between two nearest Ni atoms are 2.98 Å, half of the distance on Ni(OH)2 (110). Therefore, it is likely that the Ni(OH)2 (110) plane can grow on the NiSe2 (100) plane; (c, d) The SAED image on Ni(OH)2 nanoflake and NiSe2 octahedra. The SAED rings of the Ni(OH)2 nanoflake indicate its polycrystalline feature. However, the SAED image on the NiSe2 octahedra exhibit clear diffraction spots, indicating the single crystal feature of the NiSe2, and meanwhile, the polycrystalline rings of Ni(OH)2 are also observed, implying the epitaxial growth of Ni(OH)2 on NiSe2.
Fig. S2
(a) HRTEM images of NiSe2 domain. The inset is the FFT image of the zoom-in NiSe2 domain, and the square spots imply that this image is the top view of (001) plane of NiSe2; (b) Profile plots of the calibration for measuring the spacings in panels; (c) The crystal structure of NiSe2 on (001) plane. Ni atoms are in the similar position compared with the spots in FFT image.
Fig. S3
(a) The PDOS of Ni atoms at the Ni(OH)2/NiSe2 interface and in bulk NiSe2, as well as in bulk Ni(OH)2. It is clear that the PDOS of Ni-Ni(OH)2-bulk presents typical forbidden gap, implying its unsatisfied conductivity. The Ni-interface and Ni-NiSe2-bulk, however, present conductive feature. (b) The PDOS of Se atoms at and near the interface, as well as in the bulk. There is no forbidden gap, indicating the conductive feature. XPS spectra of NiSe2 and NiSe2/Ni(OH)2-2h. We can clearly observe a series of characteristic peaks from 0 to 450 eV, which are assigned to Se 3s, Se 3p, Se 3d, and Se auger. The characteristic peak at 531.85 eV of NiSe2 precursor is attributed to O 1s, associated with the oxidation in the air. It is noteworthy that NiO cannot convert to Ni(OH)2 under the same preparation condition (Fig. S4b) . The disappeared characteristic peaks of Se 3s/3p/3d/auger and enhanced characteristic peaks of O 1s in NiSe2/Ni(OH)2-2h indicate the formation of Ni(OH)2. In this work, TGA tests were employed to investigate the mass ratio of NiSe2 and Ni(OH)2 in NiSe2/Ni(OH)2 composites. The TGA measurements were under the O2 condition in the temperature range from 40 to 900 °C. The corresponding reactions during hydrolysis are as follow: , from 400 to 900 °C In NiSe2/Ni(OH)2-2h, the TGA value decreased 3.8% from 40 to 400 °C and 51.7% from 400 to 900 °C. Therefore, the calculated mass percentages of NiSe2 and Ni(OH)2 are 78.9% and 19.6% respectively. It is worth mentioned that the summation of the two values are a bit lower than 100%, and we suggest it is due to small amount of adsorbed water. Thus, the molar ratio between NiSe2 and Ni(OH)2 can be calculated: The mass percentages of NiSe2 and Ni(OH)2 and molar ratios between them within all electrode materials are calculated, and the results are shown in the Table S1 . Fig. S8 b-value calculated from the oxide peak current. The fitting formula is: = a * . It is clearly that all electrode materials present distinct battery-type behaviors. The b-values for all electrodes are close to 0.5, indicating their battery-type behavior. NiCo2S4-C 468 C/g at 1 A/g (932 F/g) 94% retention after 3000 cycles [S5] NiCoSe2 450 C/g at 3 A/g (750 F/g) 89% retention after 5000 cycles [S6] Ni(OH)2 713.2 C/g at 1 A/g 65% retention after 4500 cycles [S7] 
